Obesity is one of the strongest risk factors for endometrial cancer (1) . There are several mechanisms that might account for this association. First, after menopause, adipose tissue is the primary site for estrogen production, due to aromatization of androgens to estrogens (2) , and circulating estrogen levels are strongly associated with endometrial cancer risk (3) . Second, obesity is associated with hyperinsulinemia and insulin resistance (2) . Insulin has mitogenic and anti-apoptotic properties (4, 5) , and it also decreases the synthesis of sex hormone-binding globulin and increases the bioavailability of estradiol (6) . We have previously reported that high levels of fasting insulin are associated with increased risk of endometrial cancer in postmenopausal women (3) . Third, obesity is associated with progressive adipose tissue infiltration by macrophages that secrete proinflammatory cytokines such as tumor necrosis factor (TNF)-α and interleukin (IL)-6; the latter induces C-reactive protein (CRP), an acute-phase protein that is the most well established inflammation marker (7, 8) . Laboratory studies have
shown that IL-6 and TNF-α may have direct effects on carcinogenesis by promoting tumor invasion, progression, and metastasis (9, 10) . They are also linked to the risk factors of endometrial cancer through their abilities to stimulate estrogen biosynthesis (11) (12) and induce insulin resistence (13) . We therefore hypothesized that CRP, IL-6, and TNF-α may play a role in the etiology of endometrial cancer. We specifically studied these three inflammation markers, because IL-6 and TNF-α are potent proinflammatory cytokines with established carcinogenic bioactivities, and all three inflammation markers have detectable circulating levels even in individuals without clinical diseases (14, 15) .
We conducted a case-cohort study within the Women's Health Initiative Observational Study (WHI-OS) to (1) investigate the associations of circulating levels of CRP, IL-6, and TNF-α with risk of endometrial cancer, (2) to assess if these associations are independent of other risk factors, including increased levels of estrogen and insulin, and (3) to examine whether these obesity-related factors (proinflammatory markers, hyperinsulinemia, and elevated estradiol) mediate the association between obesity and endometrial cancer.
METHODS

Study population
The WHI-OS is an ongoing prospective study with long-term follow-up of 93,676 postmenopausal women aged 50 to 79 years, who were enrolled at 40 clinical centers in the United States from 1993 to 1998, to examine the risk factors for subsequent development of several health outcomes.(16) At baseline, participants completed detailed epidemiologic questionnaires, and a physical examination was performed using standardized procedures to obtain various measurements, including height and weight. Morning, fasting blood samples were collected, centrifuged, frozen on-site at -80 o C, and later shipped to the central specimen repository. Incident cancer was ascertained through annual self-administered questionnaires.
Diagnosis of endometrial cancer was confirmed through centralized review of medical records.
Study Subjects
This endometrial cancer study was part of a case-cohort study in which three cancer outcomes (breast, colorectum, and endometrium) were examined, and a representative subcohort subcohort was created by randomly sampling 892 subjects from the participants who had more than 12 months of follow-up and had no history of breast, colorectal, or endometrial cancer at 12 months. Subcohort subjects were selected regardless of their cancer outcome after more than 12 months of follow-up. Five of the selected subcohort subjects developed incident endometrial cancer subsequently, and these five subjects were included in both the subcohort and case group.
This feature of the case-cohort design was taken into consideration in data analysis described later. (19) Since the subcohort was selected as a comparison group for three cancer outcomes, no restriction on uterine status was made. As such, 373 of the 892 subcohort subjects had a hysterectomy and were ineligible for analyses related to endometrial cancer. Women who had diabetes treatment (15 cases and 25 subcohort subjects) or used hormone therapy (132 cases and 193 subcohort subjects) at baseline were further excluded, since these treatments may significantly alter levels of proinflammatory markers, estradiol, and insulin. The final sample size included 151 cases and 299 subcohort subjects (not counting two subjects who were also in the case group). case-cohort study population, and the assay methods for these analytes were described previously.(3) Data for these three serum factors were included in data analysis reported here.
The intraclass correlation coefficients (ICC) of the three inflammation markers, as well as those for free IGF-1, insulin, and estradiol, were published previously; they ranged from 0.4 for TNF-α to 0.8 for free IGF-1. (14, (20) (21) (22) 
Statistical Analysis
In univariable analyses, we first compared the baseline characteristics of cases and the subcohort. To account for the features of the case-cohort design, these analyses were done by Cox proportional hazard regression with robust variance estimation using the Self-Prentice method. (19) We then examined the associations of the three inflammation markers with risk factors for endometrial cancer (e.g., age, BMI, serum levels of insulin and estradiol, etc.) in the subcohort subjects who did not have endometrial cancer (n =299) using Spearman rank correlations, and their 95% confidence limits were derived by Fisher's z transformation. In multivariable analyses, Cox regression models with robust variance estimation were used to estimate the associations of inflammation markers with risk of endometrial cancer. (19) To avoid assuming any linear effect, CRP, TNF-α and IL-6 levels were categorized based on quartile cutpoints derived from the distribution of these variables in the subcohort. The models were adjusted for potential confounders, including age (continuous) and body mass index (BMI, <25, 25-29.9, ≥30 kg/m 2 ). In addition, serum levels of estradiol, insulin, and free IGF-1 expressed as quartiles were included in the multivariable models to examine whether the associations of CRP, IL-6, and TNF-α with endometrial cancer were independent of these endometrial cancer risk factors previously reported in this study population.(3) BMI was used as an adiposity indicator, because it was a more significant risk factor for endometrial cancer than waist circumference in this study population. Nevertheless, multivariable regression models adjusting for waist circumference yielded similar results for the three inflammation markers, and these results are not presented. Table 1 shows baseline characteristics of the study population. As compared to the subcohort, cases were older, had higher BMI and waist circumference, and had higher endogenous estradiol levels. Cases had significantly higher mean levels of insulin, but tended to have lower levels of free IGF-I than the subcohort. Mean levels of CRP, IL-6, and TNF-α did not differ between the cases and the subcohort members.
RESULTS
Spearman rank correlations of the three inflammation markers with insulin, free IGF-1, and statistically significant risk factors for endometrial cancer (as identified in Table 1 ) were examined in the subcohort women who did not have endometrial cancer (Table 2 ). CRP is induced by IL-6, and as expected, these two markers were correlated with each other (r = 0.58).
There was a modest correlation between IL-6 and TNF-α (r = 0.23) and a weak correlation between CRP and TNF-α (r=0.14). Both CRP and IL-6 were positively correlated with adiposity, insulin, and estradiol. TNF-α was positively, but modestly, correlated with age, BMI, and free IGF-1. Table 3 shows the multivariable associations between the three inflammation markers and endometrial cancer risk. Individuals with an IL-6 level in the second quartile or above tended to have a decreased risk for endometrial cancer, whereas relatively high levels of TNF-α tended to be associated with an increased risk. However, the associations for both IL-6 and TNF-α were not statistically significant and did not show any linear trend. On the other hand, 
Cox regression model with estradiol, CRP, or insulin entered into the model, as compared to that from the model adjusted for age only. When estradiol, CRP, and insulin were included in the model simultaneously, the ß coefficient for BMI was reduced by 117% (HR BMI ≥30 versus <25 = 0.90; 95% CI = 0.46-1.78, p = 0.764).
DISCUSSION
In this study of postmenopausal women not using hormones, we found that a relatively high level of CRP, but not IL-6 or TNF-α, was associated with increased risk of endometrial cancer after adjusting for BMI, but that this association was attenuated by adjustment for insulin and estradiol. It is important for data interpretation to recognize that CRP is a biomarker for inflammation and may not necessarily have tumorigenic potential. CRP is an acute-phase protein synthesized primarily by the liver in response to IL-6 (23). The well known property of CRP is its ability to activate the classical complement cascade, but recent studies have shown that CRP has proatherogenic and prothrombotic potential (24) . Consistent with these laboratory data, a high CRP level is a well established risk marker for coronary heart disease (25, 26) .
However, two recent large scale studies identified genetic variants that were significantly related to circulating CRP levels and yet failed to directly link these genotypes with risk of cancer or coronary heart disease (27, 28) . These data suggest that CRP is merely an inflammation marker and that it is not a causal agent in cancer or coronary heart disease.
One of the objectives of this study was to examine if inflammation could mediate the association between obesity and endometrial cancer. Of the three inflammation markers under study, levels of IL-6 and TNF-α were not related to endometrial cancer risk, and therefore could not explain the obesity effect. On the other hand, the obesity effect virtually became null in These obesity related factors -inflammation, hyperinsulinemia, and elevated estradiolare interconnected. In our study, CRP was associated with increased endometrial cancer risk after adjusting for BMI, but the HR was attenuated from 2.29 to 1.70 and did not reach statistical significance following further adjustment for estradiol and insulin; yet, the associations of estradiol and insulin with endometrial cancer remained significant. These observations may have either or both of two explanations. First, the observed CRP association may have been partially confounded by insulin and estradiol, and our relatively small sample size did not provide enough power to detect the moderate independent relationship between CRP and endometrial cancer risk, if it exists. Second, our observation raises the possibility that estradiol and insulin lie downstream of inflammation in the obesity pathway leading to endometrial cancer and therefore partially explain the CRP and endometrial cancer association. This notion is supported by laboratory data that demonstrate proinflammatory cytokines can induce insulin resistance (29) , stimulate the activities of enzymes involved in estrogen biosynthesis, and increase the levels of estrogens (11) . Therefore, inflammation could contribute to increased levels of insulin and estradiol and indirectly lead to development of endometrial cancer via these two factors.
As demonstrated in other laboratory studies, inflammation may also have its own direct effects on cancer risk through the tumorigenic bioactivities of proinflammatory cytokines on cell proliferation, cell survival, angiogenesis, and the immune response (9, 10 ). Yet, our data did not demonstrate any association between endometrial cancer and the proinflammatory cytokines IL-6 and TNF-α. Given that IL-6 induces CRP, it is puzzling why CRP, but not IL-6, was associated with endometrial cancer risk in hormone non-users. Several reasons may explain the null results. First, tissue levels of IL-6 and TNF-α may be more relevant than circulating levels.
Second, there may be less misclassification in measuring and classifying the exposure status of CRP than IL-6 and TNF-α. CRP is a stable biomarker that can be assayed reliably and has an ICC of about 0.6 to 0.8 (30, 31) . In contrast, the reported ICCs for IL-6 and TNF-α are about 0.4 to 0.5; the CVs of multiplex assays for measuring cytokines are generally higher than those for standard ELISA (14, 32) . Finally, other proinflammatory cytokines, that were not measured in this study, may contribute to disease. Given these caveats, future epidemiological studies are needed to further examine if proinflammatory cytokines, other than those studied here, have any direct and independent effects on endometrial cancer risk after adjusting for insulin and estradiol.
Prospective data regarding the associations between inflammation markers and endometrial cancer risk are limited (33, 34) . A recent case-control study nested within the European Prospective Investigation into Cancer and Nutrition (EPIC) found CRP and IL-6 to be associated with endometrial cancer only in a univariable analysis, but they were no longer significant after adjusting for BMI(35). Although both the EPIC and our study involved only hormone non-users, about a quarter of the EPIC study subjects were premenopausal women.
The relative importance of inflammation versus other unmeasured obesity-related factors in the etiology of endometrial cancer could be different between premenopausal and postmenopausal women. The two studies also used different assays for inflammation markers. Nevertheless, data from both studies suggest that inflammation as well as high levels of estrogen and insulin (or C-peptide) mediate the link between obesity and endometrial cancer. We have already discussed a few limitations of this study, including a relatively small sample size, assessing circulating versus tissue levels of inflammation markers, and a relatively high inter-assay CV of the TNF-α measurement. Moreover, our data may not be generalizable to premenopausal women or current users of hormone therapy. Reverse causality, however, was unlikely to contribute to our study results. In sensitivity analysis where we excluded endometrial cancer cases diagnosed within the first 3 years of follow-up (97 cases remained), we obtained similar results for the association between CRP and endometrial cancer.
In conclusion, our data suggest that inflammation, as indicated by a relatively high level of CRP, hyperinsulinemia, and increased endogenous estrogen, may link obesity and endometrial cancer in postmenopausal women not using hormones. The latter two obesity-related factors may, in turn, mediate the effects of inflammation on endometrial cancer risk. 
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